The radiological sagittal alignment of the lumbar spine has been described in patients with mechanical low back pain, degenerative disease of the lumbar discs, trauma, spondylolisthesis, scoliosis and postsurgical conditions, and control data have been obtained from volunteers in the USA and Greece. [1] [2] [3] [4] [5] [6] [7] [8] [9] There have been many descriptions of this alignment based on measurements of lumbar lordosis and of sacral inclination, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] which is said to correlate with lumbar lordosis. 8 A decrease in lumbar lordosis is associated with vertical alignment of the sacrum and when lumbar lordosis increases, the sacral inclination becomes more obtuse. Jack-D son and McManus, 1 who examined the relationship between these measurements and posture, found that lumbar lordosis and sacral inclination were also related to the degree of extension of the hip. This relationship has been described as the 'hip-spine syndrome'. 16 If a patient develops a fixed flexion deformity of the hip, there may be an associated loss of lumbar lordosis. Altered lumbar lordosis may cause disc degeneration and radicular pain.
Many patients also have degenerative changes of the knee with loss of extension which may affect posture and lumbar lordosis. Our aim was to investigate the relationship between lumbar lordosis and extension of the knee and to relate low back pain to symptoms in the knee. Measurements of parameters of the lumbar spine. Fig.1a -Radiograph showing the measurement of the lumbar lordotic angle (LL), which is the angle between the superior endplate of L1 and the sacral inclination (SI). The latter is the angle between the superior endplate of S1 and the horizontal line. Fig. 1b -Diagram showing measurement of the knee angle (KA) using two lines between the greater trochanter and the lateral condyle of the knee and between the lateral condyle of the knee and the lateral condyle of the ankle. The body angle (BA) was measured using two lines between the acromion and the greater trochanter, and between the greater trochanter and the lateral condyle of the knee.
Patients and Methods
We studied 365 patients (150 men and 216 women) with pain in the knee and/or low back pain. They underwent radiological examination of the lumbar spine in a standing position. Those with previous spinal surgery and/or fractures were excluded. We also excluded those with a functional discrepancy of limb length and those with scoliosis including a degenerative lumbar scoliosis, whose curvature was more than 10˚. During measurement, the patients were asked to extend the knee to its maximum, to position the hips perpendicular to the film, and to grip a supporting bar with extended arms. The x-ray cassette was set up to be parallel to the floor. Measurements were made on each lateral radiograph by two independent observers (YM, EH), using Cobb's method. 17 The angle between the superior endplates of L1 and S1 was used as the lumbar lordotic angle, while the angle between the superior endplate of S1 and the horizontal was used as the sacral inclination (Fig. 1a) . The angle of the knee and the body angle were measured as shown in Figure 1b . The four points for the angles of the knee and the body angle were determined by physical examination using a goniometer. Of the 366 patients, 107 had pain in the knee and 348 low back pain. The duration of the lumbar symptoms was recorded. When considering degenerative changes, data from patients who were less than 50 years of age were thereafter excluded from further analysis. The patients were classified into four groups: group A) 51 patients with lumbar lordosis of over 50˚; group B) 56 patients with lordosis of 41˚ to 50˚; group C) 45 patients with lordosis of 31t o 40˚; and group D) 64 patients with lordosis of 30˚ or less (Fig 5) .
Statistical analysis was undertaken using Student's t-test. All probability values were calculated within a confidence interval of 95%.
Results
With regard to lumbar lordosis and sacral inclination, intraobserver variance ranged from 0.0 to 5.0 with a mean of 1.8 (95% confidence limit (CI) ± 1.4) and interobserver variance from 0.0 to 10.0 with a mean of 2.7 (95% CI ± 2.2). With regard to knee and body angles, intraobserver variance ranged from 0.0 to 5.0 with a mean of 2.1 (95% CI ± 1.9) and interobserver variance ranged from 0.0 to 8.0 with a mean of 2.5 (95% CI ± 2.3).
Lumbar lordosis showed a correlation with sacral inclination (Fig. 2a) and knee angle (Fig. 2c) , although there was no correlation with body angle (Fig. 2b) . Knee angle, however, correlated with body angle (Fig. 3b) although there was no correlation with sacral inclination (Fig. 3a) . Histograms showing the distribution according to age for a) the mean lumbar lordotic angle (LL), b) the mean sacral inclination (SI), c) the mean body angle (BA), d) the mean knee angle (KA), e) the mean duration of low back pain (LBP), and f) the mean duration of knee pain (KP). The distribution of the mean angles and the duration of the symptoms in each age group are shown in Figure 4 . These angles were smaller among patients who were between 70 and 79 years of age and over 80 years of age with regard to lumbar lordosis (Fig. 4a) , over 80 years of age with regard to sacral inclination (Fig. 4b ) and body angle (Fig. 4c) , and between 60 and 69 years and 70 and 79 years and over 80 years of age with regard to knee angle (Fig. 4d) . As for low back pain, the mean duration of symptoms was significantly longer in patients who were in their thirties or fifties (Fig. 4e) . There was no statistically significant difference with regard to the duration of pain in the knee (Fig. 4f) .
The mean values for each measurement among patients aged 50 years or more are shown in Figure 5 . The knee and body angles were significantly greater in group D than in groups A, B and C (Fig. 5a) . With regard to sacral inclination, the mean value was significantly greater in group D than in group C, in group C than in group B and in group B than in group A (Fig. 5a ). The duration of both knee and low back pain was also significantly longer in group D than in groups A, B and C (Fig. 5b) .
The mean values for each measurement according to gender are shown in Figure 6 . There was no significant difference between men and women with regard to lordotic angle, sacral inclination and body angle, although the knee angle in women was significantly greater than in men.
Discussion
It has been suggested that loss of lordosis is associated with low back pain. 1, 3, 4, 12, 14, 15 Some authors have indicated that a posture with a reduced lordosis is associated with an increased intradiscal pressure which may cause low back pain. 4, 10 In a study from Greece, a decrease in lumbar lordosis was reported in an asymptomatic population aged more than 60 years 9 and a similar study in the USA reported a decrease in lumbar lordosis above the age of 40 years. 7 These results suggest that degenerative changes in lumbar alignment may initially cause a loss of lordosis. These studies have used lateral radiographs of subjects in a fixed or static posture. The posture of the patients in our study was obtained with full extension of the knee and with the arms extended. There have been no studies during walking and further analysis of the static Histogram showing the distribution according to gender for all measurements.
and dynamic sagittal balance of the spine and knee is required.
Degenerative changes of the knee often cause limitation of extension. In our study, limitation of extension of the knee was significantly greater in patients whose lumbar lordosis was 30˚ or less (Fig. 5 ) and the duration of pain in the knee was significantly longer. There was a correlation between the knee angle and lumbar lordosis (correlation coefficient; -0.404, Fig. 2c) , indicating that the loss of lordosis is related to degenerative changes in the knee.
It is difficult to determine whether the deformity of the lumbar spine or the knee is the primary factor. We found a decrease in lumbar lordosis above the age of 70 years and loss of extension above the age of 60 years (Fig. 4) . This suggests that degenerative changes in the knee may be a factor in the development of similar changes in the lumbar spine with loss of lordosis. This may be called the 'knee-spine syndrome'.
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